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M ^Stt:-C*-?T> 5^^©t hT>f-hn Vh'>©T^ ^Kieyij©? Sffi. 278 

^ $n-Cl^So iHr*U<«. 7 8&*<Phe|Cj:f3 ; 2 7 8&*<Ala> Arg, Asn, 

^ Gly, His, Tyr^fzltWaUZj^t) : 3 7 8&*<Lys, Asn*fe|iVal»C J: 0 : 
1—1 

g| fc<tCf/feSl>{i3 8 0&*<Ala, Asp, Gly, His, He, Leu, Asn, Pro, 



Arg, Thr, Tyr^^Sii ValJC J; Ogggl^nr 1^-5 t h T >f- h o > b*>^M 
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m B w 

5^^© T > ^ h n :x b' > I ^ < O T > ^ H a > tf >?gtt© ^ c <t 
T>^^^>h'>I*^^VI*'C*<«l>i$*l/::o U*>U ^B*-e(C;5' V/N- 
^?«58. 000 ©— ^^©lirJ' W^•^'M•C*'5o ^^©b hT>i- hci>b'> 

ifll^rt^liig-r'SfiSt^b hT>f- ho>b'>li4 3 2<i©T ^ JWtm&ib^i^ti^o 
6<i©i^X-r-f (Cys) \t-r^X'J7.)\/y >( K*S^*J^BfcbT*5»)x Cys 

8 - C ysl28. C ys21 - C ys95fc J: C ys247 - C ys430© 3 iim© S - S 
-eb bT>^hu>\£>^^^^mi\:LXl^^o ^^©b hT>5^ hD>b'>tr 
5%©«l*<^*tlT*5*). 4 ^m©TX^N*54^>^S (Asn96. Asnl35. 
Asnl55fcJ:msnl92) tC^m^Mti^*^!^^ UTC>^o 3^^© b h T h a > 
b'y©^^!*'. yoT^T— ^'©S^^^^iit^ffiSfPfflU *S^^S@fr<iSlt 
SP&tiq^titlx '^^f^ K^©C5lcCifi< ©Arg393-Ser394t?*So 
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rJ'— II<i:lH|^Jw-l?7Uh°> (Serpins) X-^^— "7 r ^ U -lCM-rSlfll^:5' 
M-C. ha>H>. ?gttjbXH^ (XaH^) . ^tt^klX (IXaH^) /.Sif^^^i: 

«F*3M@1m<^«f (DIC) ^iiSgtti©i^ifliE. Se^> ^H^iilc<i:-r'5aM*# 

(Arg393-Sre394) d <i:*^H^^*^ir $nT^^So ^fz^ 7zm(DJk^ii hT 

K (slA'-'s4C<i:lllS) . 9®©a-^U-y^X (hA'-hliiS) 1 3 yl/«iiiiaj^-e 
filB5c$*l'5:$' >^^*^Mt?*>'5 (Stein PE, Carrell RW, Nature Struct Biol 2 : 
96 1995)o (native form) i^^EM (latent form) <DTy^ ho 

> b' 2. 6 A ^»t|-e©X^]ga«iji (Skinner R.. etal.. J. Mol. 
Biol. 266: 601. 1997) i^^fPtt'v/^y >cD3Tia5:$^©'^>:$'-9-'y :^^-r K 
<t©1t^i*©2. 9 A^)»#|-e®iisS^^ig*^^fe$n (Jin L. . et aL Proc. 
Natl. Acad. Sci. USA. Vol. 94: 14683. 1997). b hT h o >b'V«i: 
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4 9&. 9 6a. 13 5fe. 15 5fe. 1 9 2ti[. 3 9 3ti*5 3 9 4ti[OT 

^Mi^A^l^^nxt^-S ('^r^^2-2 62 59 8^^) o ll~14fe> 
4 1-4 7fe. 1 2 5 — 1 3 3fi:*Jj:C^3 8 4~3 9 8&©4 oo0«J©T $ y 

^ O ^ 

yoxT-HfMfS&^W^Sfr^^jib hT>^ hD>b'>'^SI*«-a«'r-5C 

^^©b hT>^ ha>b*>*<-:^o-rT— If-r >b b'^-<i: LTtStl'T'Sfigl. 
b hT>^ hn>b'>43©Sftx>'l/-ytc:*:#f<j:«|ji^'fb*<*>C«o o**?, 3^ 
^©b hT>^ h^>b'>©55■^^3D(r|^albT^<^'SS^t^>'^-7^*<^6^•:/o7^ 
T— e© rSMJ «bUT^.tl^tl. RfSSBfe [P 1 (Arg393)-P 1 ' (Ser394)] 
oy^-f^Vm-^t^-fx^T-T—^iZ^Ki^m^tl^o c:©Kl> Plfi[Arg393©^ 
t :^ a -7^ T - 4f ©Stt+vC^ S erl95©7K®f»©®?^ i ©Pb^{C T •> 
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N^j^Ofll (Pl-'PIS) UK s3 Ats5 A^lwAOii^. ff^/i:xh^> 

K (s4A) <h/j:<So ^com. Arg393(i-:^a7^T— If^^oT. thT^^^hn 

*>*^t>^■r. s4 AiUT^^^rtiCif A$n^?i^M (latent form) CD#:&fe^ 

Pl{4Met358cD{|iJii*^5>^©^{|iJ{rgSlS]^tL> -ir U >ya7^T— i?©gttgPfe<h 

^©t bT:x5^ b D>b'>©PmArg393©fiijm{i^^©rt{8ijtCBB|Sl$nTt^ 
5/;:J6-:/n7^T— t?<!:©SJ&fe*^t*>J6T{g:l^ (Jin L. . etal.. Proc. Natl. 
Acad. Sci. USA. 94: 14683. 1997)o s^UBfl^li^ ^JCMiini:^<k UT. 3^.^© 
t hT>^ hoVt'VCKf&^l^-^J&^PUfi (Ser380) i:P15fi[ (Gly379) {C*J(,^ 

7U-:/'tDif At>)gcOt-<t>/^^tcaeb/Co U >*<^^© t bT>f^bn> 
b'>jr)^S^-rS<h t hT>^ hci>t'>5^^it'©«^/j:«|5feTjt{*>^it±©^^k 
*^*>C5*^ c:©P14fi[ (Ser380) <i:P15& (Gly379) (DT I ^Wtlt^^^^) 

a-T>^ hV-:fiy>tmi>iiLm.iZl^W}-t^ (JinL., et al. Proc. Natl. 
Acad. Sci. USA. 94: 14683. 1997) o 

P14fe (Ser380) i)<^^<V >^WtErx^±fl>C>\i\fi^'-tLXmmV. 
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HfcJrf SPlS—PlOfeJix i£(ih>v^^igJ (proximal hinge) tmttLX I ^ Z. 
ti}^h>^ Jt(Dii hT>^ hy3>\£>xpizi5ii^^i$^mitti/^fi^Wi.^^PtVtZo ^ 

comm. z(Di5:&:\i>i^mi$ntRP^ji'-^i)<sut\^xAfr)^tsm(o\i>'j m 

#) CDiSfJ^fioTl^^Cl ^(Dmmz^tz^PU& (Glu378) t>P14& 

^^ItSix s3A<fcs5Afe^{Cs4Ai: LT^?F«9t3^A$nS*^x cne»©Xh^> 
KFbI*^^ < l^tcM^ LTl^-S^S^^hB (Ser79~Thr90) ^^^^tf ^ > •i' y ^ 
— (shutter) ^S^'Cfe-S d <i:*<^b>tlTt^<5 (Stein PE. Carrell RW, Nature 
Struct Biol 2: 96. 1995) o :^¥^mmit. s3A<i:s5AP^*<ga < K^Cli. ^-Ti^X 

^ KU. ci©€g^6D r^^^-r^J i)<Kf$^JV--:r(D rA«)^-r$J .irM^-r^ii: 
<D*Pm*ft^o ^ ^^CD t h T h n > t' >© y ^ -MiS{is3A<h 

(Uu78) «-<lfeOT ^ yg^JCgEgl-r-SCliriCj^tJiiSl^-T^ciT^T-HfffiLgJgti^Wr 

K©3t(*^3^^PtfT. ^HlrfU^o CtitT'. ^^©t hT>^ hn^^b'^iti© 
^^<^) >i^^mWt^ 4 7&©Arg*^Cyslw^^$nA:T>^ ho>b'>Saj 
(Koide T. , Takahashi K. . et al. . Proc. Natl. Acad. Sci. USA, 81:289. 
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1984) fiiz(Dm'^mm<omm^itmmmmm. ^h>iai^^^mmmmi^(omm^ 

J; o T. h A <thD jr^ft^SJ^SttT ^ ^ WmmWVib S C «h $ n 

T^^*^ mmo^y^mte^^Bmitm^R (Jin L.. et al. , Proc. Natl. Acad. Sci. 
USA, 94: 14683. 1997) {Cj;oT. b h T h n > ti^cD^/N- U 

^>:5'if-y:^^>r KilS^SBaJi. hD (Lysl25-^Argl29®ffliJM)^ hA (Arg46-^ 
Arg47cDfijm> *5 J:?^Asn45cD^^T ^ K) . N5^4!S^J|R (LyslU Argl3©iH!JI^ 
t^mrX K) <t:hC-hDF^(r^>^-b--v:^D-f Ki^^tCJ: Off^-rs TP-'n^ 
U-y^'Xj (PJi'^V^if -y ^^D'T KCS*-r«) *OGlull3©±^T i K<t 
Lysll4®{B!m*5<J:t/^^T ^ ]rt^tb^Z. ti^m^ij^\Zts.r>fZo ^ly^-^ yti^ 
F^^^fefe-rSi. Arg46<hArg47{i:'€:ti-e'til 7 A<h8 A^E>UTIIii®BS®? 
S<i:7K#i^^^5^Bfei--5o hD{is2A<i:s3A^}^-r:^|S]-^^l OKi®^. ^© 

N5|S4S#l®Glull3~Glnll80zid'/V«laS*<2Illi©hP<i:/<5:*)x hDlC^rUTfi 

$nT. Argl32x Lysl33. Lysl360l»J»^^:^^1^-y :^5'r K^S^SSfecD:^ 

-^F^CDPU. P15{4cDT ^ y^^S*^J¥bm^n> X > K©M<?^*<^i: 
<k i: feirP 1 &Arg393©ffliJ»^3^^®^ffl!J^|nI < J: 9 . > b t':^ - <h b 
TRJEL-^-ri^J^J-^tft^nS (Pike RN, et al., J. Biol. Chem. 272 : 19652. 
1997) o ^tz^ b hT>^ havb'V^N^ra^ (Ile22'-Arg46) {i> '^r^:^ 

K«^(*^^^'fk:i-'53i(*fi^^i:'y'- hi:L/T©tS:iiJ*fi-5Tl>-5 (Fitton, HL, 
et al.. Protein science 7: 782.1998) o ^^®b hT >^ h a >b*>(D^^ 
M (native form) tmUW. (latent form) cD3i:{*::Blji^Jt^-rS <i:. lUmW. 
®hD{it>-r*^l-4abtlT*J»)x U Arg47x Lysl25fcJ: 
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crArgl29{i^>r^-!f ^^'T K*S^$i«©:^lSl^lSl^> Argl29®Neg{i 
A sp278©fliJ^ <»: TKl^i^^^JBfiK LTffilJ^^^^^b^ Sc:<fclIJ;»).'>^>:J'-9-'y 

(latent form) -CJi. hDti* o-T CiC^O^. Arg47(i Serll2<i:. Lysl25{i 

1 lei tiKmi^^i^x^*)^ >i^^Kmm^^T I jmrnmcommi-r^x 

'^/^'U >^^M^®:^ISl{CISn,^Tl^>i^/^ (Skinner R.. et al. . J. Mol. Biol. 
266:601.1997) o -^-CIT. :*:^H^#liArgl29<i: Asp278®7K^^^**) DJ6 

mizmit^"^^ ^ tt^-C^ Z tmWil'tZo -^r-T^ Argl29«h7Kl^lS^bTC>S 

2 7 8fe (Asp278) OT ^ y®?^ife©T ^ Jm^^^'T^CtlzJif^m^zfay' 

«l3g±©m^gi5(i^^#tiib/Co ^ni*D*>. ^.^©t hT>5^ ho>t:">©g:f& 
;u~y©h yi^^igi. s4A}&Bfci^© t i^^^. $ t»tC'N/N-U vi^S^tcgg^-rs 
1 * ^ li 2 fii±ftb© T 5 y SC<»:irJ;*)ii5(,>^ci7^T - -If IfiW 

■r/J:*)^> :^mMlt. ^^©t hT^^ ho>b'>©gEM(*-C*oT. 
©b hT>^ ho>t'^'©T^ yME^J©? 8fit. 2 7 8<i. 3 7 8(4*JJ:Uf 

3 8 Otir©T i Jm(0'pti < <h t> l^*^ffe©T i y ^ICigg|$*lT(/>S C 
Sii:-r-5b hT>^ hP>'b'>'^M(*J:»5ni:'5o cn^©b hT>^ hci>b'> 
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k hT>5^ ha >t'>©T ^ /^Be^iJ®2 7 8fe*^Ala, Arg^ Asn, Gly^ ^ 
His. Tyr*>J;DfVal*>t»:HfnST^ yi?^C|gtSl$nTC^Sb hT>^ho> 

t hT>^ hn>t'>'<DT i y^E^JCDS 7 8fe*^Lys, Asn*>i:afVal*> t> 

h hT>^ hn>tf>©T 5 yifE?iJ©3 8 Ofe*<Ala. Asp. Gly. His. 
He. Leu. Asn. Pro. Arg. Thr. Tyrfc J;Z/Val*> t>3g{^:H§T ^ 7 

So 

mgui. ATmm^mmwmm^i^ ^ -(^mm (ser380His©«ai) 

■To 

^ ^ H S(g -r "5 y;: J6 CD ^ ^ CD «| 

So 

5^^MT>^ hn>b'>cDNA (1*^) 2. 5 us (10;al) «rT^yg?g^© 
/ca6fD^M>^^'rv- (0.475 OD/'ml) 3 0 //l^T-- 'J DNA.1? 

>=f-hxn> t'>^Mf*cDNA (1. 4kb) *pcD2^^ ^ -©EcoRISPfeir|a<?»-3i^. 
EdoRIirPstlT'WOtbbT. if ABB^ii©:^IoI^ffll^. L^o H^JSltcm^ii^n^ 
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x^i^ hu/c (miH) o G4 1 8X'^yir^-( '>>mik(D^mmmms^^M^. 

'^tlih^-f-Jl'l.tZo ^^^^BHKCbaby hamster kidney) mf^<0^-)V^m 

M^^^x — ^^SL^To EXPRE35S35S (100/fCi/ml) ^6. 
3 05^^^>'^^. mmm^UUEyiQ%¥CS^ Met. CysiC^g|LT8I^F^ 
^j^^X^m^. 0. 0.5. 1. 2. 4x 8i^K^©^«Jt«?g[(CM)<i:iBBBa 
mmm.(iCE:>^mfZo ^I^Pa^^^CM^C E^ttl^irStaphylosorb^^T-^feS-a:^ 
8%SDS-PAGE (+SH) ^firt^. li^tl/^i^^R I KCDR I m^^m-r 

3 7*t:. 5^t60^. 'x/N-U v^ffiT-Cli. S^SJE^. :feS2tl^U 10% 

sDs-PAGE (+SH) x-m^wm^mrnvtzo 
1) 

p^^©iffljiart«<t^»^8ej«^^L^*>cD-c*5*^ ^i?^M*a^^(*®5j^^«*^8 9 

%-e*>o/::CDJC*fU-C. 7 8fe©Leu*<Phetr^|j|$nTl>'5 Leu78Phe^M(* 
«:»^^«*<9 2 7 8fe©Asp*<Ala. Gly. Histfzit 

Tyr{C^g|$nTt^-S^^{* (Asp278Ala. Asp278Gly. Asp278flis ^tzli Asp 
278Tyr) T-Ji. -^M'tll 0 4%. 10 4%. 1 6 5%*5tiil 6 0 %<t:5^i?!^M 

— :^T'. 2 7 8fi[©Asp*<Arg. Asn* fell VaKC^^^nTl^^S^Mi* 
(Asp278Arg. Asp278Asn*/c{iAsp278Val) -eii. -ttl-^n 5 7 %. 4 8%*/r 
Its l%(D^m^X^'ytZo 3 8 Ote©Ser*<Ala. Arg. Asn. Asp. Gly. 
His. Pro. Thr. Tyr^^Jt VallC^^$nTt^5^M^* (Ser380Ala. Ser 
380Arg. Ser380Asn. SerBSOAsp. Ser380Gly. Ser380His. Ser380Pro. Ser380Thr. 
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Ser380Tyr*/c{iSer380Val) -Cii. l^^n^^itf ^tl^*^ /j:*>-e 
Asn<t:Valtcm4Sl$tl^^Mi2|£-r'«. ^tl^etil 5 4%i:14 4%tm^^^ 

2) hnyt'^iO^^i* (TAT) J^nSim 

^T>^hu>}i>m^^mm»(DVi:i>h'>t(Dm^i^ (tat) mm^ktrm 

7 8{i©Leu*^PhelC^«|$nTl^-5Leu78Phe^Mf4:T'<il 3 1%. 
2 7 8fe©Asp*<Hisjrgg#|$*lTl>SAsp278His^Sf*'e(il 6 3%. $ b. 
ICx 3 8 0{&®Ser*<Gly^^{iTyr»C^^$nTl>-5Ser380Gly<hSer380 
TyrgEM<*T'{i. ^tl'^ffll 7 l%<i:l 7 2%T*«9. t^-rtlt>^^M*a^X.<* 

feSl^ra (120^) © ha:xb'><i:©*gSf^ffl»c*5t>Tt>. ^^S*a«lx.(*<h|H| 
(Leu78Phe. Asp278His:te J:?/ Ser380Ala^M<*) . ^'5l^{±^^M*a 
#IX.t*:JBi± (Asp278Ala^ Asp278VaU Asp278Tyr^ SerSSOGlyfc cfcC^Ser 
380Tyr|gPf*:) ©^^b^T ATJ^^tl*WU■Cl^feo 

^^N'U >#ftT©fi^B#^i©TATJ^fife#6{lo^,^T{i. (/>-rtit>^Mi*T' 

3) XaH^<!:©1g^(* (Xa-AT) 

#T>f- hovif >«aife^^M(*:©XaEg?<t:CD«^(*c (Xa-AT) J^fifetl^Pi 

-e(Din^#OXa-ATBg^#Ui. ^.^Mffl^X.(*©Xa-ATJKfi£^^l 0 0% 
t L./2:ffi*fM*^> 7 8fe®Leu*^Phe(C^^$nTC^'5Leu78Phe^M<*-e« 
1 0 6%T*>-dA:o 2 7 8ti[©Asp*<Gly. His^fctiTyrtrg^iH^tlT 

l>SAsp278Gly. Asp278His* A:JiAsp278Tyr^Mi*:-e{i> -^rtl-etl 1 4 4 
17 1%*A:(il3 1%-e*»). l>-rti*>^^Mmgl;i«i:<k») t>i^tt#|)^i:^ 
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mi^ibmh>tiXl^^o ^^l^^ S^F^ (605^) ®XaEg^<^:©1eSf^ffl^c*>l^T 
t>> ^mmm^^i^ t^mm (LeuTSPhe. Asp278Gly. Asp278His*> J;C5Ser380 
Tymmm. ^^i^ii^mmmMk^t¥&i± (Asp278Val. Asp278Tyrfci:yfSer380 

tfcx ^^^°>; >#^ET©ini^tt©Xa-ATJgfiKt6li> Leu78Phe. Asp278 
Ala*>J:OfAsp278Gly^M(*T{i. ^^S!*i^x.<*irifc'<T{t{?^I^ML.T*5*9. 

Asp278Val^ Asp278Tyr^ Ser380Gly^ Ser380Thr*>J;CFSer380Tyr 
©«^^S^*t::-^l^T{i. 5^^M«aigl;t{*m±©'\^N'y >#«T©finNri4©Xa- 

ATm^Simibm^^nx^o. >to^mi^j^^tfiM^mmtLX(D^t^ 
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m 1 A T|E^X.^M{*0^^»tt 



)S ^ ^ 






^ it 
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1. 4 


89 


9 0. 4 


Leu78Phe 


10 


90 


100 


Asp278Al a 


16 


104 


120 


Asp278Arg 


4. 6 


57 


61.6 


Asp278Asn 


4. 9 


48 


5 2. 9 


Asp278Gly 


22 


104 


12 6 


Asp278Hi s 


9. 2 


16 5 


1 7 4. 2 


As p 2 7 8Ty r 


1 6 


160 


17 6 


A s p 2 7 8Va 1 


4. 6 


5 1 


5 5. 6 


Gl u378Lys 


1 5 


62 


7 7 


Ser380Ala 


4. 9 


79 
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light of Documents 1 and 2. Document 1 discloses a human 
antithrombin variant in which serine"^®® in the amino acid 
sequence of natural human antithrombin is replaced by 
cystein, and Document 2 discloses a human antithrombin 
variant in which serine"^®*^ in the amino acid sequence of 
natural human antithrombin is replaced by tryptophan. 
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conceive of preparing human antithrombin variants in which 

• 380 

serine m the amino acid sequence of natural human 
antithrombin is replaced by an amino acid other than 
tryptophan or cystein. 

Claims 1-6 do not involve an inventive step in the 
light of Documents 1-5. Documents 3-5 disclose the 
preparation of human antithrombin variants with high 
protease inhibiting activity in the absence of heparin by 
substituting amino acids in various position in the amino 
acid sequence of natural human antithrombin by other amino 
acids; therefore, a person skilled in the art could easily 
conceive of substituting amino acids in various position 
in the amino acid sequence of natural human antithrombin 
by other amino acids in order to obtain human antithrombin 
variants with high protease inhibiting activity in the 
absence of heparin, and then determining the protease 
inhibiting activity of each of variants in the absence of 
heparin and selecting human antithrombin variants with 
high protease inhibiting activity. 
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